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Spectral Coverage: Zenith Optical Depth
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Spectrum Physics: Opaque and Window Channels
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rain

Rain ∝ (vertical wind) x (absolute humidity)
Wind ∝ particle diameters

∝ 54/183-GHz perturbation ratio
Absolute humidity follows from T(h), 23.183-GHz

100% RH ⇒ ~constant 183-GHz TB , lower TB
implies hydrometeors that scatter, absorb

Opaque Channels

ice

cold

Window Channels
Rain absorption/emission over ocean

∝ height, rate, ~f2

Humidity absorption/emission
has a different spectrum

satellite



Current NPOESS Aircraft Sounder Testbeds
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NAST-M Location on Airborne Platforms

Proteus ER-2
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THORpex Cloud Signatures

March 14, 2003
ER-2 Platform
Over Pacific 
Ocean
Altitude = 20 km
54- & 183-GHz 
Tb baselines  
peak at 255 K
118- & 425-GHz   
Tb baselines 
peak at 250 K

52.6-53.0 GHz
183.31 

± 1.8 GHz
118.75 

± 2.05 GHz
424.76 

± 3.25 GHz
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Hurricane Bonnie Eye, NAST-M, dry eye

Dry eye

Eye wall

Small ice
Eye

Eye wall

W.J. Blackwell
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Typhoon Rex – AMSU August 26, 1998

F.W. Chen
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54-GHz Resolution Enhancement: 50 → 15 km

F.W. Chen



Instantaneous 50-km AMSU vs. NEXRAD
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F.W. Chen



RMS Discrepancies (mm/h) between
AMSU and NEXRAD
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Polar Precipitation, 20 July 2002
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AMSU 24-hr Precipitation Image, July 2003

F.W. Chen
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AMSR-E Hurricane Isabel 89V GHz – 9/18/03

AMSR-E
6.9, 10.6, 18.7,
23.8, 36.5, and

89 GHz

4x6-km beam at 
89 GHz

1445-km swath

75W                   70W                   65W
40N

35N

30N

220K                 255K                  290K

Precipitation 11/11/03

Remote Sensing Systems
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Annual AMSR-E vs. AMSU/NOAA-16, 1-deg.

AMSU Rain Rate (mm/h)
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AMSU on NOAA-16

AMSU on NOAA-15/16/17

Rain
Frequency
July 1-7, 2003

0.5 x 0.5 degrees

F.W. Chen
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Aqua/AMSU/HSB 50-km Precipitation

Warm rain
(green)

Glaciated rain
(yellow/red)

P.W. Rosenkranz



Two scanning antennas
ATMS Changes 

from AMSU 
No inter-swath gaps

50 → 33 km resolution T(h)

Nyquist sampling for T(h)

More 183-GHz channels

50 → 75 km humidity < 2km

2 or 3 simultaneous orbits
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CMIS – Main 
Capabilities

2.2-meter antenna for 6 – 89 GHz

0.5 × 0.7 m antenna for 166-192 GHz

40x68 to 12x16-km spot sizes

1700-km swath width

30+ channels for humidity profiles, clouds 
and precipitation, surface properties, 
tropospheric to mesospheric temperatures
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Azimuth Motor
& Compensator

Elevation Motor
& Compensator

Nodding / Morphing
Subreflector

Thin Struts

Space Calibration

Backup Structure

3” Thick Composite
Reflector

50-430 GHz 
Feeds

Receiver 
Package

Geostationary Microwave (GEM) Concept

Practical 2-m antenna

Nodding-subreflector scanning

425-GHz oxygen and 380-GHz   
water vapor bands (others?)

16-18 km resolution at nadir

Continual severe storm mapping

M. Shields
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Summary

•Passive microwave sensors, in concert with 
other sensors and improved assimilation and 
modeling techniques, have considerably 
extended the nowcast and forecast capabilities 
of operational NOAA and DoD severe weather 
systems.

•Further significant improvements will result 
from the NPOESS assets to be launched later 
this decade.  
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